Lipocalins are one of the groups of allergens derived from domestic animals with clinical importance for the development of allergic responses. They have been characterized in different animals. With allergenic capacity characterized, little is known about the epitopes involved in allergic responses. Here, potential antigenic regions involved in cross-reactivity among lipocalins were explored through bioinformatics tools. The amino acid sequences of several lipocalins from different domestic animals (mouse, dog, cat, bull, hamster, horse and pig) were used to determine the degree of kinship by phylogenetic studies. Groups with highest phylogenetic relation were obtained by using MEGA software. 3D models of lipocalins not reported in the protein data bank were modeled by homology to identify potential antigenic regions compromised in the cross-reactivity of this group of allergens. The alignment of the entire database of allergenic lipocalins and the inferred maximum likelihood tree segregate lipocalins into five monophyletic clades (referenced here as A, B, C, D and E). According to the multiple pairing analyzes, group C (Fel d 4, Rat n 1 and Equ c 1) showed the highest degree of identity among their amino acid sequences (58%). The analysis of conserved and exposed residues showed that group C shares three antigenic regions that could potentially contribute to its cross-reactivity. Potential antigenic sites were identified for the generation of cross-reactivity between the different lipocalins analyzed in this study. These studies support the need to carry out directed mutagenesis tests to confirm their relevance in the allergenic capacity of lipocalins.
Introduction
The WAO defines the allergy as "A hypersensitivity reaction initiated by immunological mechanisms" [1] . This can be mediated by antibodies or cells, where, in most cases, the antibody responsible is the immunoglobulin E (IgE). The antigens that trigger allergies are defined as allergens, and they are structurally variable molecules, usually linked to a carbohydrate, with IgE binding capacity [2] [3]. Different genetic factors predispose to these diseases and patients may be sensitized to different sources of allergens. Allergic diseases associated with environmental allergens include allergic asthma, rhinitis, conjunctivitis and atopic dermatitis.
An example of these allergens is lipocalins, which represent the most important group of allergens coming from furry animals. In addition, the growing number and diversity of pets in homes has allowed the increase in lipocalin exposure, leading to an increase in sensitization [4] [5] . The lipocalins are a numerous groups of proteins present in vertebrate and invertebrate animals, plants and bacteria, with a great variety of structures and functions between the different species. These biomolecules are relatively small, with an approximate size between 150 -250 amino acid residues in their primary structure which have the capacity to fulfill different functions, among them; transporter of small hydro- The identification of allergenic lipocalins from domestic animals has been increasing in the last decade and among patients allergic to pets, co-sensitization to different animals is frequent [9] . Although lipocalins as panallergens could explain the co-sensitization to different pets, little has been studied about the different epitopes involved in cross-reactivity due to these proteins. In this work, using bio-computational tools, we identify different antigenic regions that may be involved in the cross-reactivity between lipocalins.
Materials and Methods

Selection of Lipocalins and Alignment
The amino acid sequences of lipocalins from seventeen domestic animals were selected based on allergenic capacity reported. The sequences were obtained from the uniprot database (https://www.uniprot.org/) ( Table 1 ). Sequences that were reported in the WHO/IUIS Allergen Nomenclature Sub-Committee (http://www.allergen.org) and that presented a complete sequence were used. All the lipocalins that fulfilled this criterion were chosen, independent of the animal source where it came from. Identity grade between lipocalins used in this study was determined by using praline web server (http://www.ibi.vu.nl/) [10] . Para- 
Phylogenetic Analysis
The program Molecular Evolutionary Genetic Analysis (MEGA) version 7 was used for the construction of the trees, using the method of reconstruction of Neighbor-Joining with support by Bootstrap with 500 replications as a measure of reliability and robustness under the assumption of minimal evolution in the topology, this model uses a comparative matrix to find the similarity between amino acids of seventeen sequences to establish the evolutionary proximity between the species. The matrix was constructed with all amino acid sequences of lipocalins retrieved from uniprot database and reported in WHO/IUIS Allergen Nomenclature Sub-Committee (http://www.allergen.org). Thus, the more positive identity values are found among the sequences, the greater their relationship will be and they will be located in closer positions in the tree. All empty spaces were eliminated (full deletions). From the global comparison and the homologies, the sum of the length of branches (SBL) will be presented, which will determine the number of nodes and the position of the same, including the "clusters" of the evolutionarily closest sequences. Due to the number of sequences used, no phylogenetic sub-analyzes were performed. The alignment for the phylogenetic analysis was carried out through the CLUSTAL W. program, which performs alignments. 
Construction of 3D Models
The models of those lipocalins not reported in the protein data bank, were made by homology. The Swiss-model server (https://swissmodel.expasy.org/) was used. The quality of the models was analyzed by ProSA-web. The models were refined in Deep-View (energy minimization and rotamer replacements). Its quality was evaluated by several tools, including the Ramachandran graphs, WHATIF, QMEAN4 index and energy values (GROMOS96 force field). The relative values of the area of accessible solvent (r-ASA) were determined by ASA-view. The lipocalin sequences were aligned to identify conserved residues. Those preserved and the residues accessible to the solvent (rASA > 0.25) were located in the 3D model to identify pooled areas (>4 residues) and possible cross-reactivity.
Results
Phylogenetic Analysis
A total of 17 sequence were included in the analysis with 152 positions in the final dataset. The sum of the branch length for an optimal tree was 16.5. When analyzed the lipocalin sequences, it was found that they formed five nodes with the highest phylogenetic relationship among them. According to the analyzes, The formation of five clades (A-E) with the highest degree of identity is observed (96% for clade C). The sum of the branch length for an optimal tree was 16.5. The evolutionary distance was computed using the Poisson correction method. 
Construction of 3D Models
The 3D models of those lipocalins not reported in protein data bank were constructed by modeling homology (with the exception of Bos d 2, Can f 2 and Equ c 1, were retrieved from SDAP database (http://fermi.utmb.edu/ ). All generated models show classic folding of lipocalins, following the pattern of eight antiparallel β strands and an α helix, which help to form a cavity for the union of lipid ligands ( Figure 2 ). The models were used to identify residues exposed on the surface and conserved in the different lipocalins of the phylogenetic groups formed.
Identification of Potential Cross-Reactive Antigenic Sites
Multiple alignments of the lipocalins belonging to the different groups obtained from the phylogenetic analyzes were made. Lipocalins from Group A lipocalins have 30% identity between their amino acid sequences ( Figure 3) . A total of 20 residues were identified and conserved among the analyzed lipocalins (Table 2) , which form two antigenic patches common among the group A. 
Groups of lipocalins Residues preserved and antigenic capacity
A (Can f 2 as reference) E32, E33, S35, G36, D49, T51, T52, H63, D82, G83, Q84, S89, T91, L145, S146, Q148, S173, D177, R178, C179.
B (Can f 1)
D27, S32, G33, K34, A42, D43, V56, K55, G66, G68, Y98, T99, D117, I120, G139, R140, G160, L161, N163, Q164, E165, I165, L166, E173, T174, E175.
C (Equ c 1)
D30, I31, S32, K33, S35, G36, E37, Y39, E49, K50, E52, E53, N54, A65, L67, D68, N69, S71, N81, G82, E83, L84, K93, T94, E97, D98, Y95, D96, G97, K151, E152, E153, K157.
D (Bos d 2)
G30, K32, Y36, N41, D43, K44, P50, G80, C89, E97, G100, I127, K129, E143, E154, R155, G156, P173, N175.
E (Cav p 3)   L20, D21, S23, G28, D37, N38, G46, D59, G60, T67, D73, G74, C76, L82,  K85, Q86, R88, Q95, Y96, I105, A103, T119, K127, R135, L138, T139,  E141, K145, G154, P156, Q171. For group B, a 28% identity was found between the amino acid sequences of the lipocalins analyzed ( Figure 4) . A total of 26 residues were identified and conserved among the different lipocalins from group B. However, when analyzing the antigenic patches, it is observed that they are dispersed in the structure.
This suggests that not all the identified residues would be part of the cross-reactivity of these antigens. Meanwhile, group C presented 60% identity in its amino acid sequences ( Figure 5 ). In addition, it presented the highest number of residues exposed and conserved, for a total of 33 residues, which, were concentrated in 3 antigenic patches defined in the lipocalin structure. For groups D and E ( Figure 6 and Figure 7) , similar results were obtained. The groups shared a 22% and 25% identity between their amino acid sequences, respectively. When analyzing the location of the residues on the structure, it is observed that they present high dispersion and compact antigenic regions are not generated as they are observed in the other groups. 
Discussion
In the present study, we describe potential antigenic regions shared among sev- [17] . This suggests that human and mice recognized to Bos d 2 in a similar way. In our study, we found thirty residues conserved and surface exposed, however, we just find two antigenic regions common between Boss 2 and Can f 1. Maybe, because to the low grade of identity. For E group, Cav p 2, Cav p 3 and Ory c 1 allergen are poorly characterized.
These allergens deserve more study because IgE from sixty-five and forty four percent of allergic subjects to guinea pig reacted to Cav p 2 and Cav p 3 [6] .
Here, we propose a possible role of Ory c 1 in the cross reactivity with Cav p 2 and Cav p 3, although a low grade of identity was found.
In conclusion, we were able to identify some potential antigenic sites among some lipocalins; however, there is a low identity between these proteins from different species which shows that although cross-reactivity between them is possible, their frequency in most cases is low. These studies support the need to carry out mutagenicity tests to confirm their relevance in the allergenic capacity of lipocalins.
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